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On 6 August 2012

Entry, Descent & Landing (EDL) mission phase is very
challenging since vehicle autonomously executes critical events

Acquiring status information is key to understanding the
performance of the complex EDL system

These data may the only clue in case of anomalies

Mars Science Laboratory mission operations team successfully
tracked the X-band signal as it plowed through the atmosphere,
adjusted entry path and powered its descent to its landing site

As a back-up, Radio Scientists eavesdropped on the UHF
signal transmitted from the lander to the orbiter
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UHF! EDL!! DTE!!!

 The CSIRO Parkes Radio Telescope in Australia joined DSN
station in Canberra Australia

« Real time knowledge of spacecraft state was provided through
Doppler and power levels received by DSN (X-band, prime) and
Parkes (UHF, back-up)

 Ability to track rapidly changing signal dynamics and had been
demonstrated in preceding Mars missions

— Well characterized and well understood

- Ready for use in other missions to other planets
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« History of tracking EDL events via radio links not designed for
transmission to Earth by Radio Science team:

- Mars Pathfinder: first mission to re-invent semaphores
- Spirit & Opportunity relied on X-band DTE (UHF to orbiters)

- Huygens lost stable S-band signal to Cassini but DWE
salvaged by Green Bank Telescope and Parkes

- Phoenix UHF signal received by GBT (no X-band)
- MSL!

* Planning for InSight Mars Landing

— This is why this subject is still important




> LABORATORY >

]I.AIB.MTORYv

Original
Design
of DSN

64-meter
Diameter



Approach to Entry

Cruise
Stage
Separation

CBMD
Separation

Entry
Interface

-y Heaing

cE+70 s
\ eceleration

Peak
I«

»

Hypersonic
Aero-maneuvering

Parachute
Deploy
~E+260 s

&
S

»
ey

Expected Detect via Power

Approach Events .
Time Change

1- way - Aux. Oscillator On E-50 min
HRS Vent E-13 min
MGA - PLGA Switch E-12 min
Cruise Stage Separation E-10 min Y
S/C Spin Down E-9:20
CBM Ejection ~E -8 min
PLGA - TLGA Switch E-20sec Y
Entry Interface

Detect via Freq.
Change
Y
Y

Courtesyi SteveSell;d

»

Heatshield
Separation

~E+280 s

MARS ¥ SCIENCE
> LABORATORY >

i —
e
Radar
Data

Collection

.

Backshell
Separation

E+370 s

Powered
Descent

i
Sky A, '
Crane A
~E+380—-410 s Fiyaway



Cruise
Stage
Separation

CBMD
Separation

Entry
Interface

MARS ¥ SCIENCE
> LABORATORY >

Peak
Deceleration ~~
L P
~E+80 s \\\§ Parachute I
S ~
\ Deploy R
~E+260 s Radar
¥ Data
?\ Collection
Hypersonic . L\ /\\—:)\
Aero-maneuvering Heatshield =2 )
Separation \ <7 Backshell
~E+280 s Separation
Expected Detect via Power Detect via Freq. E+370 s
Entry Events . >
Time Change Change
Entry Interface 0.0 Powered
‘ Descent

Max G's 79.6 Y
Bank Reversal 1 71.8 Y
End Bank Reversal 1 83.3 Y
Bank Reversal 2 92.9 Y _
End Bank Reversal 2 103.2 Y ’&')‘5
Bank Reversal 3 124.5 Y Sky K, 7
End Bank Reversal 3 133.6 Y Crane
Heading Alignment 139.0 ~E+380 - 410 s Flyaway
Straighten Up and Fly Right 244.8
Parachute Deploy 261.6 Y
Heatshield Separation 282.7




Cruise
Stage
Separation

CBMD
Separation

Entry
Interface

i Pea
) Heating
E+70 s

\\ Peak
eceleration

f73~5+80 s
~

S

Parachute ~
Deploy §\

:7\»«5260 s

Hypersonic
Aero-maneuvering Heatshield

Separation

~E+280 s
Powered Descent Expected Detect via Power Detect via Freq.
Events Time Change Change
Backshell Separation
(TLGA to DLGA Switch) 376.1 Y
Rover Deploy 413.4 Y
Touchdown Sensed
(CW only) 429.5 Y Y

MARSW¥ SCIENCE
> LABORATORY >

Occultation

Backshell
Separation

E+370 s

Powered
Descent
Sky

\ ".»"Zi)g
Crane A

~E+380—-410s

Flyaway



Cruise
Stage
Separation

CBMD
Separation

Entry
Interface

7 Heating
CE+85 s
\ Peak
N eceleration ~
- SRCE*96 s NI Parachute
\ Deploy
-,'7\~E+241 s

)

Hypersonic
Aero-maneuvering

/J\\
S

Powered Descent/Sky Crane

+ ~2000 kg powered descent vehicle mass

» Divert maneuver (difficult geometry, high dynamics, possible
drop out)

» Powered Flight (power descent, sky crane & flyaway)

)

Heatshield
Separation

~E+270 s

i

Radar
Data
Collection

N B}:ksheu
_~ Separation
Ht344 s

MARSW SCIENCE
> LABORATORY >

Powered
Descent

\ i

Flyaway




Transmitter

Regions of high Doppler
dynamics, may cause

ON Cruise Stage communication drop outs
Separation Backshell
[}, I\ > X Separation
: LW -
1 - AN
i } Inf;tfgyce i Possible UHF
r=3,5222 km Trra
PLGA from launch to i > Deploy drop outs
launch + ~76 days, ! -t £ Supersonic
then switchto MGA ; v & . Parachute Possible UHF
i | communication
MGA to PLGA swapat | o - drop outs
~1 min before cruise Switchto y >
stage separation, using TLGA (~25 s a—— Rover
1
PLGA for DTE, and prior to entry) : p Separation
PUHF for relay 1 . >

- = = = = = = - - - - ]

Stay on TLGA for DTE, and PUHF for
relay until backshell separation

£

1 I
i I
i I
i I i
i I |
i I i
X I ! Touchdown
i I | i
! Switchto RUHF AT
' ' ! ! X-Band continues on DLGA
i : i E !
i [ '
i |
SEP + 6 min (TWTA) E- 10 min E- 0 min E+ 257s E+ ~374s E+ 408s E+421s
X-Band 500bps —> Tones >

10



MARSW¥ SCIENCE
> LABORATORY >

Prachute Deceleration
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Many critical events occurring during MSL EDL sequence

detected via the transmitted X-band and UHF signals
Made accurate evaluation of the spacecraft spin, antenna

« Use of RSR enhanced by Radio Science signal processing

techniques effective in determining critical information

* Preparing for future missions.
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